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Abstract
Slope is a major factor affecting forest harvesting machine productivity. As ground-based 
harvesting methods are generally cheaper than the alternatives, forest managers need to know 
when ground-based harvesting equipment can be used on sloping sites.
The study objective was to determine the effect of slope on the productivity, cycle time and 
elemental times of a Valmet 450 FXL self-levelling processor processing a 24 year-old, un-
thinned radiata pine plantation previously felled and stacked by a feller-buncher. The study 
site slope was estimated using a LiDAR (Light Detection and Ranging) derived digital terrain 
model and classified using the regional terrain classification system. Study trees were selected 
from areas predominantly in the hilly (12–19°) and steep (20–26°) slope classes, as these 
classes made up the majority of the study site area.
In contrast to previous research, no significant differences were found between the processor 
productivity, cycle time and elemental times (moving/positioning, swinging and processing) 
between the slope classes. This was believed to result from the processor working well within 
its capabilities processing the relatively small trees on the study site. Other important factors 
may have included that the trees were pre-felled by a feller-buncher and placed in high den-
sity rows with their butt ends aligned, which minimised the processor boom and track move-
ments, and that steep slope trees were selected from areas at the lower end of the steep slope 
class (20–23°). Further research is needed to determine whether the processor productivity 
would be significantly lower when processing larger trees on steeper slopes.








steep	 slope	harvesters	 (such	 as	 the	Komatsu	 911.3	
X3M)	 or	 cable-tethered	 harvesters	 can	 operate	 on	
slopes	 up	 to	 70%	 (35°)	 (Stampfer	 and	 Steinmüller	
2001)	(wheeled	harvesters	are	restricted	to	less	steep	
slopes).	However,	 in	 practice	 harvester	 slope	 con-
straints	are	generally	set	lower	to	maintain	safety	and	

















tivity	 between	 skilled	 operators	 can	 be	 over	 40%	
(Kärhä	et	al.	2004,	Ovaskainen	et	al.	2004,	Hogg	et	al.	
2011).
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based	harvesting	systems	can	generally	deliver	logs	
more	cheaply	to	roadside	than	the	alternatives,	forest	























































elling	processor	processing	 trees	 felled	by	a	 feller-



















Table 1 Description of study site
Attribute Value
Species Pinus radiata
Plantation age at harvest, years 24
Tree form Good
Branchiness Light branching
Merchantable stocking, trees/ha 1,057
Thinning Unthinned
Undergrowth None
Soil composition Clay loam
Ground strength Moderate
Ground roughness Even with scattered small rocks
Mean slope range, degrees 21 (18–25)
Mean tree height range, m 26.1 (15.8–37.0)
Mean DBHOB range, cm 29.0 (10.3–61.0)
Mean merchantable tree volume 
range, m3
0.63 (0.04–3.47)
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0.1	m.	An	individual	tree	volume	function	supplied	by	
the	forest	owner	(Norske	Skog	Australasia)	was	used	









Table 2 LiDAR parameters and scanning system settings
LiDAR attribute Value
Date of flight 25 May 2011
System
ALTM (Airborne Laser Terrain 
Mapping) Gemini
Beam divergence, milliradian 0.20
Footprint diameter, cm 20
Laser mode Single pulse
Pulse return density range, m–2
>3 (1st , 2nd, 3rd and last)
(2.3–3.2)
Horizontal accuracy, m 0.15
Vertical accuracy, m 0.15
Pulse rate frequency, kHz 70















































Fig. 1 Processor study area showing slope classes and tree selec-
tion areas
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The	 processor	 work	 elements,	 cycle	 times	 and	
productivity	 are	 summarised	 in	 Table	 4.	With	 the	
exception	of	processing	time,	the	relationships	between	
Table 3 Description of processor time elements
Time element Definition
Moving/positioning
Starts when the processor begins to move and/or swing its boom towards a felled tree and ends when the head clamps onto 
the tree
Swinging
Starts when head clamps onto a felled tree and ends when feed rollers are activated, or the first cut is made to reset the 
processor length measurement (whichever occurs first)
Processing
Starts when feed rollers are activated, or the first cut is made to reset the processor length measurement (whichever occurs 
first) and ends when the last log is cut and dropped on the log pile
Brushing/Clearing Any interruption to other elements to remove unmerchantable trees or clear processing debris
Travel
Time taken to turn around to start new stack or move to and from break. Starts when wheels/tracks begin to rotate. Ends when 
boom begins its swing towards first tree on new stack
Stacking/Bunching
Starts when the boom commences a swing to retrieve move or »stack« any processed logs. Ends when the boom moves to 
perform some other activity
Delay
Any interruption to the previous time elements. The cause of the delay (e.g. operational, personal, mechanical, or study induced) 
is recorded
Table 4 Mean, Standard Deviation (SD) and range of processor time elements, cycle times, productivities and tree volumes for the 12–19° 
and 20–26° slope classes
Slope class
12–19° 20–26°
Time element, minute Mean (SD) Range Mean (SD) Range
Moving/positioning time 0.11 (0.04) 0.03–0.32 0.11 (0.05) 0.04–0.37
Swinging time 0.11 (0.04) 0.05–0.28 0.09 (0.03) 0.04–0.16
Processing time 0.3 (0.13) 0.10–0.74 0.31 (0.12) 0.09–0.64
Cycle time, minute 0.51 (0.14) 0.24–0.98 0.51 (0.13) 0.27–0.86
Productivity, m3 PMH0
–1 69.4 (35.8) 14.0–167.1 59.5 (31.5) 15.7–154.0
Tree volume, m3 0.63 (0.42) 0.09–1.75 0.53 (0.35) 0.09–1.57
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variable	 (Cycle	 time	 (minutes)	 or	 Processing	 time	
(minutes))	and	Tree	volume	(m3)	(Fig.	2	and	Fig.	3,	
respectively):
 Cycle	time	=	b0	+ b1 ×	Tree	Volume (1)
 Processing	time	=	b0	+ b1 ×	Tree	Volume (2)
Model	coefficients	and	fit	statistics	are	in	Table	5.	


















Fig. 2 Processor cycle time (minutes) against tree volume (m3) for 
the 12–19° and 20–26° slope classes
Fig. 3 Processing time (minutes) against tree volume (m3) for the 
12–19° and 20–26° slope classes
Fig. 4 Productivity (m3 PMH0
–1) against tree volume (m3) for the 
12–19° and 20–26° slope classes
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volume	(Table	5),	with	the	productivity	of	the	proces-















































































Table 5 Processor cycle time, processing time and productivity model coefficients and goodness of fit statistics for each slope class
Model
Model coefficients Goodness of fit statistics
Slope class b0 b1 Mean bias MAE RMSE R
2
Cycle time
12–19° 0.377 0.219 0 0.08 0.1 0.42
20–26° 0.377 0.259 0 0.08 0.1 0.43
Processing 
time
12–19° 0.168 0.21 0 0.07 0.09 0.47
20–26° 0.177 0.244 0 0.07 0.08 0.50
Productivity 
12–19° 4.639 0.777 0 11.2 15.1 0.82
20–26° 4.571 0.736 0 9.5 13.4 0.81
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processing	 than	 infield	 processing.	 FPInnovations	
(2007)	reported	the	productivity	of	a	processor	at	road-














included	 that	 the	 trees	were	pre-felled	by	 a	 feller-
buncher	and	placed	in	high	density	rows	with	their	
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